Twenty-eight heavy-chain variable (VH1) region genes and the immunoglobulin (IgM) heavy-chain constant region of an isogenic Xenopus hybrid, X. laevis/X, gilli, LG7, have been sequenced. The LG7 clone represents the first Xenopus hybrid that is homozygous for the IgH locus. The VH1 family was specifically investigated because VH1 genes are used by the antibodies produced during the Xenopus antidinitrophenol (DNP) response, These VH1 germ-line sequences establish a so-called "dictionary" that is available for studying somatic hypermutational mechanisms in immunized frogs.
INTRODUCTION
The gynogenetic development of diploid eggs produced by X. laevis/X, gilli hybrids (LG) leads to the production of clones of heterozygous isogenic females (Kobel and Du Pasquier, 1975) . The development of the ,different hybrids and the ease with which large numbers of them can be produced has been a major advantage in the studies of various aspects of the Xenopus immune system, particularly antibody diversity (Wabl and Du Pasquier, 1976 ; Du Pasquier and Wabl, 1978) . As useful as they are, these clonable animals are still heterozygous and therefore genetically complex. It would considerably simplify immunogenetic studies if some LG hybrid clones could be made homozygous at the major histocompatibility complex (MHC) or immunoglobulin (Ig) loci. We report here such a clone, LG7, that is homozygous at the Ig heavy-chain (H) locus. In addition, we report most of its VH1 germ-line sequences as well as the sequence of its IgM (/) heavy-chain gene. This VH family is involved in the antidinitrophenol (DNP) response, one of the best studied Xenopus antibody responses (Brandt et,al., 1980; Schwager et *Corresponding author. al., 1988) . Thus, these germ-line sequences establish a "dictionary" necessary for future studies on somatic generation of the antibody repertoire in this species.
RESULTS
LG7 Is Homozygous for the Ig Loci LG7 frogs first attracted our interest because they yielded fewer restriction fragments than other LG hybrids (Schwager et al., 1988 Schwager et al., 1991) and C/ probes. The individual patterns could be grouped into four RFLP classes, identical for each probe (LG3, 15; LG17, 5, 46; LG14, 6; and LG7) . LG7 consistently gave half as many restriction fragments as the other LG7 hybrids and Fig. 1 (Kobel and Du Pasquier, 1977) . (C) Southern blot analysis of LG7 small-egg progeny. Genomic DNA from seven individual LG7 small-egg tadpoles (numbered 1-7) and an adult LG7 (labeled A) were digested with EcoR1 and hybridized with a V, probe. Markers (in kb) are indicated in the margins.
LG7 V.I AND C/. (Nace et al., 1970; Kobel and Du Pasquier, 1977) .
We believe that the LG7 hybrid developed from an accidentally selected viable diploid LG15 small egg (see Fig. 2 (Schwager et al., 1988 g7B, g7C g342A, g342B g352, g2B
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FIGURE 3. Alignments of encoded animo acids of V.1 genomic genes (in one letter code) beginning with residue 1. The genes in bold type were found expressed in a cDNA library made from immunized LG7 frogs. Sequence identities are indicated by (') and gaps (-) are introduced to maximize homology. The asterisks (*) indicate stop codons. The CDR boundaries are marked and are according to Kabat et al. (1991) . Genes g345A and g342A are pseudogenes and gene g5 is truncated due to only being partially sequenced. Master sequence was chosen for length. GenBank accession numbers are at the right margin.
continuing to the conserved nonamer of the recombination signal sequence (RSS) are aligned in Fig. 4 . The conserved octamer ATGCAAAT and sequences analogous to a TATA box that are found 5' of all VH genes (Parslow et al., 1984 ) and act as the Ig H-chain promoter (Wirth et al., 1987) were identified in twenty five of the VH1 genes. Three of the genes, g349A, g349C, and g343, were cloned using a restriction site just 3' of their leader sequences and so their promoters were not identified. Genes g349A and g343 are both viable VH genes because they are found expressed in an
LG7 cDNA library (Wilson et al., 1992 Haire et al., 1991 (Schwager et al., 1988) and with LG7/ cDNA sequences (Wilson et al., 1992) . The splice sites obey the traditional rule encountered so far for all Ig genes, the splice junction occurs between the first and second base of the joining amino acid (Brggerman, 1987) . In two places, the exon boundaries of the gilli gene differ from the boundaries predicted from the laevis l,t cDNA for the C/2 exon. The LG7 C/2 exon is two amino acids shorter, ending with a cystein making the C/3 exon two amino acids longer at its amino-terminal end.
The deduced amino-acid sequence of the gilli gene differs at thirty six positions from the published laevis l,t cDNA sequence (Schwager et al., 1988) . The percent homology of the 452 residues is 79.6% (see Fig. 5 explain why species-specific antiheavy-chain
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FIGURE 4. Alignment of genomic VH1 genes. (A) Leader sequences beginning at the initiation codon ATG and continuing to the beginning of the VH region (residue 1). Sequence identities are indicated by (') and gaps (-) are introduced only to conserve length.
The stop codon TAA in g342A is underlined. (B) VH1 regions begin at residue and continue through the RSS nonamer. The number of nucleotides from the beginning of the first base of residue is shown above the scale. Gaps are introduced to maximize homology. FR and CDR boundaries are according to Kabat et al. (1991) . The stops in g345A are underlined. Master sequence was chosen for length.
LG7G7B LG7 VH1 AND C/t SEQUENCES (Staudt and Lenardo, 1991 ). An octamer and sequences analogous to/e4 and/e5 are identified in Fig. 5 . Only the amino acids of laevis ! (from the cDNA sequence; Schwager et al., 1988) that differ from gilli/ are shown. These residues are shown above the LG7 gilli-encoded amino acids Sequence motifs in the CH1 to CH2 intron that are similar to Ig-enhancer seuqencers are underlined. These include a SITE E, E-boxes (/e5,/e3,/e4), and a/B motif. A sequence identical to the KBF-A motif in the kappa-chain enhancer is underlined and overlined. The octamer sequence is double underlined. Ig-enhancer sequences are from Staudt and Lenardo (1991) . Polyadenylation sites are in bold. GenBank accession number of gilli la is M97008.
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DISCUSSION
In this study, we examined a clone of isogenic Xenopus, the X. laevis/X, gilli hybrid LG7, which probably developed accidentally from a LG15 small egg (Kobel and Du Pasquier, 1986) (Kabat et al., 1991) and sequence identities ranged from 82-96%, thus easily fulfilling the criteria of VH-gene family membership (Brodeur and Riblet, 1984) . In addition, all of the VHlS contain specific features and conserved nucleotides previously described for Xenopus VH1 genes ; Du Pasquier and Schwager, 1991 (Wilson et al., 1990; Kokubu et al., 1988) .
The LG7 hybrids are the first Xenopus clones to be homozygous at their IgH locus and preliminary evidence indicates that they may well be homozygous for the p light-chain locus. Except for the MHC locus, which is heterozygous (Bernard et al., 1979) , homozygosity at other LG7 genetic loci has yet to be investigated. In the future, it may well prove to be worthwhile to create other clonable homozygous LG hybrids by using pressure or cold-temperature shock to increase the frequency with which the second meiotic division does not occur. This technique was previously exploited to study histocompatibility antigens (Kobel and Du Pasquier, 1977 LG7 VH1 AND C/ SEQUENCES 23 NaC1, 0.2% SDS), containing 100/g/ml proteinase K. LG7 small-egg progeny DNA was prepared in an identical manner except that tissues from 3-day-old tadpoles were homogenized in TES buffer. DNA was extracted as previously described (Kiefer, 1990) .
LG7 genomic libraries were made from DNA partially digested with Sau3A or Mbol and size fractionated by sucrose gradient centrifugation (Davis et al., 1986 (Wilson et al., 1986) . Identical VH1 genes were isolated from all three libraries. The C/ genes were isolated and sequenced from the library Sau3A 3.
Southern Blot Analysis
Genomic DNA (5-10/g) was digested to completion with restriction enzymes, electrophoresed on 0.7% agarose gels, transferred to nitrocellulose or nytran filters (Schleicher and Schuell) and hybridized . All probes were labeled by the method of Feinberg and Vogelstein (1983) . After overnight hybridization, the Southern blots were washed at high stringency (65C, 0.1xSSC, 0.1% SDS). X-ray film exposure was at-80C. The DNA probes for VH1, Vp, Cp were kindly provided by our colleague, J.
Schwager.
Computer Analysis DNA sequences were aligned in pairs with a program based on the algorithm of Needleman and Wuntsch (1970 
